Bu çalışmada, diferansiyel formları kullanarak farklı koordinat sistemlerinde; Kartezyen, silindirik ve küresel koordinat sistemlerinde, gradyan, diverjans, rotasyonel ve Laplasyen gibi fizikte en çok kullanılan diferansiyel operatörleri türeteceğiz. Son olarak bu diferansiyel operatörleri genelleştirilmiş koordinatlar için türeceğiz.
Let S be a scalar field such that , ,..., S Sn
and F be a vector field which can be defined as ... 
where q i 's are the components of the coordinate system and e i 's are the basis one-forms (vectors) for the considered coordinate system. We then define the basis one-forms such as e dq dr dq
where r is any vector [1] . The Hodge Dual (star) operator * should be defined for the basis one-forms, such that [2-4] 
Generally, we can derive the following derivative operators in different coordinates, on fields as follows
Introduction
In physics, differential operators are widely used in order to obtain the dependency of a physical quantity with respect to some coordinates. From classical mechanics to electrodynamics and general relativity to quantum mechanics, the differential operators are all in use in different forms. For instance, the gradient of the potential energy scalar yields as the conservative force in classical mechanics, or the divergence of the electric vector field yields as the scalar charge density in electrodynamics, or so on. With the change of the symmetry of the space in which we investigate the change of the physical quantities, we alter the symmetry of the coordinate, which changes to obtain the differential of the physical quantity, such as, from Cartesian coordinate to spherical coordinates for a spherically symmetric quantity. Therefore, we need to make the coordinate transformation for the differential operator in use.
For this purpose, we derive a simple approach to obtain the differential operators in different coordinates by using the differential forms. Some general definitions and properties are given as follows.
(6) means the gradient of the scalar S, (7) is the divergence, (8) is for the curl of a vector field F and the (9) is of course for the Laplacian of the scalar S. Here, the symbol d is exterior differentiation.
Cartesian Coordinates
The scalar field in Cartesian coordinates is written as
and the vector field is defined to be .
F F e F e F e x x
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The basis one-forms are also written for vector r xe ye ze
, , e dx e dy e dz
Gradient
From (6) for the scalar S we can see
and by using (12) 
Curl
We begin by writing F from (8) with dq i 's instead of e i 's, so
and we take the exterior differentiation for using in
We expect to get a vector at the end of the calculation, so we convert the differential one-forms into basis one-forms, but before eliminate the repeating dq dq 0 
When we apply Hodge operator on (24) and by using (4), we obtain 
By rearranging it, we finally obtain the curl 
Laplacian
We already obtain the part such given in (14) for 
We convert the basis one-forms into differential one-forms, because we will take the differentiation
and take the differential of it, and get 
The repeating terms in wedge product of basis-one forms or differential one-forms vanishes, and the remaining is 
Cylindrical Coordinates
The scalar field in cylindrical coordinates is written as
and the vector field is defined to be 
Gradient
and by using (35) 
Divergence
By equation (7) for the given vector F in (34) 
After canceling the repeating indices in triple wedge products dq dq dq
Now we will convert dq i 's into e i 's, because we will take their Hodge in the final step,
Laplacian
We already obtain the part such given in (37) for 
Spherical Coordinates
The scalar field in spherical coordinates is written as 
Curl
We begin by writing F with dq i 's instead of e i 's, so
and we take the exterior differentiation for using in 
After canceling the repeating indices in triple wedge products dq dq dq 
and we take the exterior differentiation for using in (8) 
Gradient
and by using (58) 
Divergence
By equation (7) for the given vector F in (57) 
After this step we will need d F ) , so we should convert e i 's into dq i' s from (58)
and take the differential of it, and get
Laplacian
We already obtain the part dS such given in (59) 
We convert the basis one-forms into differential one-forms, because we will take the differentiation 
Curl
We begin by using (8) 
Divergence
By equation (7) for the given vector F in (80) in spherical coordinates, we obtain After this step we will need d F ) , so we should convert e i 's into dq i' s from (80) 
